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Summary

A review of the structures of analytically important chelatc complexes and
chelating molecules which have been determined by X-ray diffraction methods is given,
It 15 suggested that precise structure determinations be made on both the chelating
molecule and the complex so that intelligent appraisal can be mads of the effect of
structure on the formation of specific analytical reagents, With the aid of other
data, such as force constants, come of the energetic factors ia the formation of

chelate complexes might be evaluated.

In this review and progress report only those organic compounds which form
chelate complexes with inorganic ions and the complexes themselves are considered,
This eliminates discussion of the structures of such substances as acetic acid,
which, while of interast to the analytical chemist, do not form chelate complexes,
It is not intended that this review cover all chelate complexes since the recent
book by Martell and Calvin (7) discusses these in some detail., Very few conplete
structure determinations oa chclate compounds are reported in the literature and
there arc only two cascs vherc the structure of the chelating molecule and at least
one of its complex salts is precisely knowm.

From the -“tandooint of the practical analytical chemist, the fundamental question
to be answered is, "Can such studics and relatcd studics give sufficient understand-
ing of the factors which influence the formation and stability of chelate complexes
so that, at some futurc time, an organic compeund cai, oe designed, a priori, to fit
any given analytical situation?" The determinations of exact structures can give
only partial ansiwers to such a question and much related data is needed, It is
expected that structure studies can give some information on the following points:-

1. The spatial arranrcment and configuration of the organic molecule,

2. The bond distances and angles in the compound and complex,

« The distaices between the recacting groups of the organic molecule,

Le The effective diamcter of the inorganic ion in each type of complex it may
fora. '

S. The amount and kind of distortion of the organic molecule when a chelate
ring is formed with an inorganic ion. If applicable force constants are
available then the energy of distortiun may be evaluated,

6, The effcet of geometry of the organic moleccule and the cffective diameter
of the inorganic ion and its available orbitals on the type and stability
of the complexas,

7. The role of water molccules in hydrated crystals,

8. Stabilization of certain resonance forms in the complex.

9. The importance of hydrogen oonds in the formation of complexes.

At the present time thore are insuificient data to give any definite answers to
any of these points, However, some signs of progress are apparent,

Dimethylglyoxime has been employed as an analytical precipitating agent fo:
nickel for a long time, but its precise crystal structure has just been reported (9).
Dimethylglyoxime crystallizes in the triclinic system and has the properties givon
in Table I as reported by ieCrone (8).
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Table I
Dime thylglyoxime

Unit cell dimcnsions
a = 6,10°
b = 6,304°
c = L.4BA°
a = 122° 31!
B = 90°* &!
vy = 79° 18 -
DenSity' 10353 CeChde *
Number of Molecules per Unit Cell = 1
Incdices of rg"ractim
a s 1.110*0001
ﬁ - 109370001
. b g 1.85'-0.01
Sign of Double Refraction +

Tne morphology of thc crystal and thc absencc of any pyroclectric or piezoelectic
effect strongly indicatc that the crystal is centrosyimetric. This would require
each molacule to be centro-symmetrical and thus to have a trans arrangement around

the central carbon=carbon bond.

The high index of rofraction, vy, is ncarly parallel to the axis dircction b,
This strongly indicates that the CeM boad is dirccted along b and also the two low
indices at right angles indicates a fitrous type of structure, This is further
strengthened by observation of a fibrous type of clcavage parallel to be These
guesscs arc confirmed by the fimal structurc determination, thus pointing out the
fact that muci information can be derived frorm oztiical and very simpie X-ray measuree
ments. The final structure of dimethylglyo:iime is suown in rFigure 1,

In the original paper as presented at the syrmpesium on "X-Rays in Analytical
Cheristry" a short diseussion of the teciniques crployed in structur: deterrinations
was given. Sinc. that tinme an cxcellent ruvicw has appeared (17) and such a
description of methods will be omittcd in this paper.

It is interusting to comparc the result for dimetnylglioxine with that for
nickel dimethylglyoxime as determined at Iowa State University by Rundle and co=
workers (15) and shovm in Figure 2, The dimcthylrlyoxime molecule must first rotate
180° about the ccatral short carbonecarpon bond. ihis boad has about 25% double-
bond character and some cacrgy is therofore required, The central vond is then
stretched by 0,094° and thc carbon-nitrogen bond is shortcned by aoout O.QLA®. The
nitrogen-oxygen bond rcmains about the same. Before the [inal complex is formed the
water of hydration of thce nickcl ion must be reroved and a hydrog.n ion must be re-
moved from each dimethylglyoxime rolecules A very sirong hydrogen bond which Rundle
belicves to bc sywetrical is formed betwcen cach pair of oxyzen atoms. ilhen proper
forcc constants arc imovm, encriics duc to thusc distortions could be calculated.
Nickcl-nitrogen bonds arc very strong and, in nickcl phthalocyanine, are even shorter
than in this comulex. Shorter nickel-nitrogen bonds in the dimethylelyoxime complex
or a morc nearly squarc arranzcorent of the bonds around the central nickel atom :
would requirc the oxygen atoms of the two molccules to come even closer together or
would requirc thc oxypen and methyl groups to be squeczed toward cach other,

Bezzi, Bua and Schiavinato (1,2,3) have given prcliminary structural evidence
that the cupric cdimethylglyoxime complux also cxitts in the square, coplanar
arrangcment,
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The case of phthalecyanine and its nickel and platinum complexes (10,11,13,1L)
represcats about tho only other casc wherc the structurcs of both the cholating
molecuwle and the complex are complotely known. The structuros of these compounds
can be representcd as follows:=

In the free base (two hydrogun atoms replacc the bivalent metal atom) the
average carbon-nitrosen distance in the central lé~wmbercd ring is 1.3LA°.  The
distance between onc of the four bonding-nitrogen atoms and its two nearest bonding-
nitrogen neighvors is 2.65 and 2.76A° in the frec basce Vhen the nickel complex
is formed, the vonding=nitiozens move in toward the nickcl atom by 0.09°A forming
nickel-nitrogen bonds of 1.,034°. The average caroon-nitrogen distancc in the 16=
membered ring incrcascs to 1.3dA°.  the distance betwecen neighboring ovonding-
nitrogen atoms bocorks 2,56 and 2.604°.  Even in this rather rigid phthalocyanine
structurc a noticcablc amount of distortion has taxcn place on formation of a nickel
complex, In the platinum corplix a sorewhat diffcerent distortion occurs due to <he

inercased size of tne platinum ion,

A few other structurcs of cither a complex or o chclating rolecule, but not
both, have becn reparted, The structurc of zinc o-~quirolinolate dihydrate has becn
determined in our laboratorics at Indiana University, Wren a zine ion solution is
treated vith 8=quinolinol and thc solution is ncutralizcd, the dihydrate precipitates,
Large crystals caun be growvn from pyridinc-water solutions although nost crystals
are tvinned. Occasionully a single crystel is found, The characteristics of the
crystal are shown in Tadle 2,

Table 2
Zinc f=ginolinolatc Dihydrate
Forrula Zn(CgHeON), o 2Li,0

Crystal system: monoclindce

q = 11028A°

b = 5.,424°

c = 13.16A°

p = 106° 181
Deasity = 1,682 (flotation)j 1.699 (x=-ray)
iumoer of molecules per undt ccll = 2
Space group le /a
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The two zinc atoms lie at symmetry cocnters and the moleccule rust have a trans
planar arrangumcnt of the arganic part around the ccntral zinc atom. The nearly
final result of the structure determination is shown in Figurce 3. Because of the
heavy atom, the position of the othcr atoms is loas certain and this probably
acco'mts for the irregular intoratomic distanccs in the benzenc and pyridine rings.
The distances and arrangemcnt around the zinc atom arc, however, intcresting and
arv shown schematically in Figwe Lo Until the structuru of 8-quinolinol itself is
determined, 1ittlc can be said about the distortion involved when the complex is

formed,

The. hydrated cadmium, lcad, cobalt, nickel and copper salts are isomorphous
with the zinc. 3alt so that thoir structurus must be very similar to that of zinc

8=quinolinclate dihydrate.

The anhydrous zine 8-quinolinolatc is of the sae space group but contains
four molcculcs per unit cclls Thus this moleculc may e tetrahedral, This axplains
the results of Liu and Bailar (6) who were able to resolve the anhydrous zinc salt
of 8=quinolinol=S=sulfonic acid. The resolved matorial racemizes on standing ar
boiling in water and prooably reverts to the planar hydrated structurce which docs

not have optical isoucrs.

Final least-squarcs refinerents of the structurc of the hydrated zine compound
are being made so ninor changss may be cxpected in the bond distances and angles,
however the agreenent betwrecn calaulated and observ.d structure factors is already

satisfactory.

At present work on nickel salicylaldexime is being carried cut at Indiana
University., The Tostlts at the pr.sent stape arc saown in Figure 5. Here again a
planar arranjurcnt of bonds occurs around the central nickel atom. Ag2ain, onc must
amait a dctormization of the structuvre of salicylaldoxdre efore nakdng corrments
on the distortien and geomctrical ¢frficcts upon ioriation of the complexe

Recently the complutc structure detcrmination of twro other chelate corpounds
have been ruporteds Robertson (12) has roported the structurc of cupric tropolone,
Cu(Cqlig02)ze The trocclone ring is a rcguiar planar heptagen viith an average
carbon~carbon distance of l.LCA®, carbon~cxysen distances of 1,25 and 1.3LA° and
copper-cxygen distanees of 1.03 and 1. k% The orrangument is sgquere, planar
around the central cunric atc.

The structure of cupric acctylicotonate has beon reported by Shugan (16).
The coppcr—axygcn vonds arc nov reported as 1,05 and 1,74A° but probably will
becore cqual on further refin:munt of tnc siructure, The anele botween the axygen
to copper bonds in one molcculc 15 listed as 93°%

Cagle (L) in a oriliminar; inwvestigaticn has shown that 2,2'<bipyridine has
a trans planar arrangerent of the two pyridyl residucs in the nmolecula,

We can make a fuw tentative obscrvations about the cffucts of structure of
the organic molcculcs on the formation and staoility of corploxes at the present
time. rirst, bccause considerable distortlon can occur, the distance betwcen the
rcacting greups may not be as importint as was hlitherte supposcd, Sceondly, rarer
typcs of coordination may occur such as the octahedral coordination around the
zinc atom observed in the hydrated 8~quinelinolnte complexe This nay permit groups
to coordinatc which otherwisc wouldn't be expected to react, Thirdly, a distinction
should bc made betweon ratacr rigid coordinating rmolccuk: s such as 8-quinolinol
where the rcacting grouns are quite firmly fixed, and other flexible coordinating
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molocules such as the amincs, dimothylglyoxime, ete. In the case of the rigid
molecule s the final structure may involve a great distortion of the usual valence
bond angles to thc metal ion in order to permit the proper bond distances. Fourthly,
Steric factors arc important as arc shown by the cxample of 2-methyl-8-quinolinol.
This molecule doos not react with the small trivalcnt aluminum ion as doecs
8=quinolinols Irving, Butler and Ring (5) have calculated that the methyl group of
one molccule would prevent the closc approach of other molecules to the contral
aluninur atom. Interfercnce should not occur with larger ions.
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1. Structure of Dimethylglyoxime as Seen Projected Upon (OC
Fgure Bond Distances (in Angstrom Units) and Angles are Shovm,
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Figure 2. Structure of lickel Dimethylglyoxine. (Courtesy of . E. Rundlc).
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tructure of Zinc »-Hydroxyquinolinate Dihydirate as Seen Projected
upon (010)s Actual Interatomic Distances Indicated in Angstrom

Units,

Figure 3.
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Figure 5. Structure of iiickel Salicylaluoximne ~s Seen Projected Upon (010)
rlane. uJistances are Actual Interatouic Distances in Angstrom Units

as Observed at Present Stae of hefinement.



